The Effect of Indoor Air Pollutants on 
Otitis Media and Asthma in Children 
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This case-control study investigated the possible 
association between home environmental air pollu¬ 
tants and their effect on otitis media and asthma in 
children. Patients with physician-diagnosed otitis 
(n = I25 t 749b response), with asthma <n~137, 80% re¬ 
sponse), and controls (n = 237, 72% response) from a 
private pediatric practice seen between October 1986 
and May 1987 were studied. A questionnaire inquired 
about housing characteristics (i.e., age, insulation* 
heating system) and sources of indoor air pollution 
such as cigarette smoking, use of woodbuming 
stoves, household pets, etc. Analysis of the responses 
confirmed previous findings of significant relation¬ 
ships between maternal smoking (P~.021), and the 
mafeenee of pets (P = .034) and the occurrence of asth- 
nyjrA newly reported relationship between exposure 
to woodburning stoves and the occurrence of otitis 
(Pc. 05) was reported. This implicates yet another 
risk factor (wood burning) in the etiology of otitis 
media. 

INTRODUCTION 

Over the last 20 years there has been increasing 
evidence implicating indoor air pollutants in either 
the etiology or perpetuation of respiratory disease in 
children. 1 Since the rise of heating costs in the early 
1970s, numerous changes have occurred in the home 
building industry to conserve fuel. Energy efficiency 
and home insulation became priorities and little at¬ 
tention was paid to the effects of decreased air circula¬ 
tion and the entrapment and recirculation of indoor 
gases and particulate matter. At the same time, wood 
has become a more popular source of heat, especially 
in rural America. 2 

High concentrations of particulate matter occur 
as a result of indoor or outdoor wood combustion . 2 ” 4 
Woodbuming stoves produce particulate matter that 
circulates along with measurable levels of formal¬ 
dehyde and combustion by-products. Well-insulated 
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homes (air tight) have been shown to have had as 
much as a ten-fold decrease in the air circulated per 
hour. 5 - 6 Recent findings of increased levels of natu¬ 
rally occurring radon gas in insulated homes attest to 
the fact that, in air-tight houses, particulate matter 
(radon) is concentrated rather than dispersed 
through air circulation. 5 

Several studies have reputed a positive associa¬ 
tion between levels of air pollutants and respiratory 
illness. 1 - 7 Sources of respirable contaminants in¬ 
clude: urea formaldehyde, foam insulation, particle 
board, plywood, new furniture, carpeting, cosmetics, 
deodorants, and hair sprays. In addition, cigarette 
smoke, cooking oil, gas ranges (N0 2 ), wood stoves, and 
kerosene space heaters all contribute to indoor air 
pollution. 7 - 0 Mainstream or passive smoking (inhaled 
by the smoker) and sidestream smoke (from the burn¬ 
ing cigarette itself) have been extensively implicated 
in the exacerbation of asthma and found to adversely 
affect pulmonary development and pulmonary func¬ 
tion. 8 Numerous articles implicate exposure of chil¬ 
dren to environmental tobacco smoke as a cause of 
respiratory symptoms, 8 including adverse effects on 
middle ear effusions. 9 ^ 12 

The causal mechanism between pollutant expo¬ 
sure and manifestation of respiratory illness is com¬ 
plex. It is presumed that pollutants such as formal¬ 
dehyde, N0 2 , CO (the combustible by-products of 
cigarette smoke and wood burning) induce mucosal 
edema and increase mucous production and entrap¬ 
ment of the mucociliary apparatus to play a role in the 
disease process. To test the concept, a study was 
designed to investigate the relationship between ex¬ 
posure to indoor pollutant sources and the risk of 
presenting with otitis media or asthma in children. It 
was hypothesized that exposure to pollutants would 
be significantly greater among cases than controls, 
even after controlling for potential confoundters. 

METHODS AND MATERIALS 

The study employed a case-control design. Both cases 
and controls were identified from a roster of patients seen in 
a private pediatric medical practice of four pediatricians 
located in Spri.ngvi.lle, NY, a rural community located 35 
miles south of Buffalo, NY. Informed consent was obtained 
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TABLE I: 

Characteristics of Asthma Cases. Otitis Media Cases, and Controls. 



Asthma 
Cases 
(n - 137) 

Onus 
Cases 
|n - 125) 

Controls 
(h - 246) 

Age (years) 

6.26t 

4.1 Of 

3.11 

Mean (SD) 

4.22 

3.27 

2.92 

Age group (%) 

4 * years 

63.Q* 

4 5. If 

22.7 

2-3 years 

14.7 

18.6 

30.2 

<1 year 

21.6 

36.3 

47.1 

Sex (% male) 

62.r 

60.2 

48.4 

Premature at birth {% yes) 

18.It 

15.0 

8.0 

Breathing problems at 

birth (% yes) 

12.9* 

12.4* 

4.9 

Family history of otitis, 
sinusitis, asthma or 

allergies (% yes) 

80 2* 

73.5 

68.9 


'P< .05. 

1P< 01, 

Note: Distribution Dei ween each case group and controls tested by 
chi-square or one-way ANOVA. 


in ail cases. Both cases and controls were restricted to those 
who had been seen in the pediatric practice between October 
1986 and May 1987. It was the intent to have cases represent 
children who were ill with a specific disease in a specific 
time period compared to a gTOup of children not ill during 
the same period. Two case groups were identified for inclu¬ 
sion in this study: /. children with two or more office visits 
for separate episodes of otitis media and, 2. children hospi¬ 
talized with a diagnosis of asthma, as well as others who 
had two or more office visits for asthma. 

All diagnoses were made during the aforementioned 
time span and the diagnosis of acute otitis media was made 
by experienced attending pediatricians. Pneumatoscopy re¬ 
vealed an immobile tympanic membrane that appeared red, 
and was without normal architecture. Tympanometry was 
not done. 

Controls were randomly selected from a group of pa¬ 
tients seen for routine health maintenance, and who were 
without acute illness. They were seen in the office for well 
visits and did not present with an acute respiratory illness 
during the same period. 

A questionnaire designed to assess exposure to air 
pollutants was mailed to the parents of cases and controls. 
The questionnaire inquired about the type of household 
(single family, apartment, mobile), the age of the house, 
heating system, type of heating fuel used, as well as the type 
of cooking stove. The use of an air purifier or central air 
conditioning, the cigarette smoking habits of household 
members, and! the presence of household pets was also 
queried. In addition to the birth history, family history, and 
history of occurrence of illness, we asked about prematurity 
or breathing problems at birth, as well as family history of 
respiratory illbess. 

The initial questionnaire and one follow-up was mailed 
to the parents of children identified! as participants in this 
study. 

In the asthma gToup, 137 (80%) of 171 responded; in the 
otitis group 125 (74%) of 169 responded; and in the control! 
group, 246 (72%) of 342 responded. A total of 508 (74.5%)of 
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TABLE II. 

Household Characteristics and Exposures 
for Asthma Cases. Otitis Media Gases, and Controls, 


Household Characteristics 
and Exposures 

Asthma 
Cases 
|n - 137) 

Otitis 
Cases 
tn « 125) 

Controls 
(n - 246) 

Age of current home (< 10 Yrs) 

22.4 

27 9 

17.0 

Type of home: 

Single family 

72 4 

83.2 

76.9 

Mobile home 

10 3 

6.2 

9.8 

Home urea insulation 

5 2 

2.7 

1.8 

Formaldehyde products 

24.1 

31.0 

34.7 

New home siding during 
study period (% yes) 

4.3 

8 0 

9 0 

Wdodburnmg stove (% yes) 

29.3 

42.5* 

29.3 

Kerosene heater 

4.3 

6.2 

5.3 

Electric baseboard heat 

26.7 

15.0 

16.7 

Fireplace {% yes) 

25.9 

23.4 

20.0 

Use humidifier (% yes) 

53.4t 

41.6 

36.9 

Use air purifier {% yes) 

8.6 

3.5 

4.9 

Gas cooking (% yes) 

42.2 

44.2 

51.1 

Mother smokes (% yes) 

37.1 

27.4 

29.3 

Father smokes (% yes) 

23.5 

26.5 

30.2 

Pets (0/o yes) 

62.9* 

60.2 

51.5 


*P< .05. 
t :P< 01. 

Note: Distribution between each case group and controls tested by 
chi-square or one-way A NOVA. 

682 participants responded to the questionnaire. 

Analysis Methods 

The distribution of subject characteristics and expo¬ 
sure indicators by group status was evaluated using chi- 
square or analysis of variance, as appropriate. To evaluate 
the effects of individual exposure indicators on disease 
status, while controlling for potential confounding factors, 
logistic regression analysis was used comparing each case 
group separately against control subjects. 

A stepwise logistic regression analysis was conducted 
to evaluate the relationship between various home indoor 
exposures and otitis or asthma, while simultaneously con¬ 
trolling for selected covariates. Odds ratio (OR) and 95% 
confidence intervals (Cl) were then computed. 

RESULTS 

The characteristics of study subjects are shown 
in Table II Subjects with otitis media were more likely 
to be male, and report having been bom prematurely 
or with breathing problems compared to control Is 
(P<.05). Compared to control subjects, asthmatics 
were older (6 years vs. 3 years), more likely to be male 
(P<.05), to have been bom prematurely (Pc.Ol), or 
bom with breathing problems or a family history of 
asthma, allergies, or otitis media (P<.05). 

The environmental characteristics of subjects' 
houses are summarized in Table II. There were a few 
differences in potential sources of particulate matter 
found between case and control groups. The type and 
age of homes were not significantly different in cases 
and controls although living in a newer home (under 
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TABLE III. 

Results of Stepwise Logistic Regression Analysis: 

Asthma Cases Versus Controls. 



P 

SE 

P 

on 

95% Cl 

Covariates (Forced) __ 

Age GP A (age 4 -.) 

1.9900 

.3265 

.001 

7.31 

IJ.Bb.i JB/) 

Sex (male) 

.9127 

.2852 

.001 

2.49 

(1 i.42, 4.36) 

Premature 

1.0540 

.4412 

.017 

2.87 

(1.21, 6.81) 

Breathing problem 

1.2100 

.4965 

.015 

3,35 

(1i.27. 8.87) 

Family history 

0.4416 

.3244 

.173 

1.56 

(0.82. 2.94) 

Exposures Entered Stepwise _ 

Pet 

.5965 

.2807 

.034 

1.62 

(1.U5. 3.15) 

Humidifier 

.7959 

.2772 

.004 

2.22 

(1.29. 3.82) 

Maternal smoking 

.6716 

.2918 

.021 

1.96 

(1.10. 3 47) 


0 - logistic regression coefficient; SE * standard error of 0: P - probability value; OR - odds ratio: 95% Cl « 95% confidence interval. 


10 years old) was an exposure variable (27.9% vs, 17% 
controls) and when later entered the stepwise model 
was marginally related to otitis (P«.09). Likewise, 
the use of electric heat, fireplaces, and gas cooking did 
not differ significantly. It was found that asthmatics 
were more likely to use humidifiers than the controls 
(Pc.01). Significant (P<.05) was the increased inci¬ 
dence of having pets among the asthmatic cases, as 
well as the association of using wood stoves in the 
otitis case group (P<.05). 


Multivariate Analysis 

A series of stepwise logistic regression analyses 
were performed to evaluate the relationship between 
various indicators of indoor exposures and otitis or 
asthma, while simultaneously controlling for selected 
covariates. Covariates forced initially into each model 
included age (less than 2 years, 2 to 3 years, 4 + 
years), sex, premature status at birth (yes/no) t and 
family his tory of ear infections, sinus infections, asth¬ 
ma, or allergies (yes/no to any). Exposure variables 
were permitted to enter the regression model in a 
stepwise fashion. Odds ratio (OR) and 95% confidence 
intervals (Cl) were computed from regression coeffi¬ 
cients and standard errors of variables generated in 
the final model. 

As shown in Table III, after controlling for covari¬ 
ates, exposures found to be statistically significant 
predictors of asthma, were maternal smoking 
(P = .021) and the presence of pets (P- .034). Humidi¬ 
fier use was predominant in the asthmatic group 
(p = .004). Among covariates tested, being older (age 
4 + , P = .001), being male (P = .001), and having been 
bom prematurely (P= .017) or with breathing prob¬ 
lems (P=.015) were significantly associated w r ith 
childhood asthma. 

As shown in Table IV, study subjects living in 
homes with free-standing woodbuming stoves were 
about 1.7 times (P = .037, 95% Cl = 1.03, 2.89) more 
likely to present with otitis media than control sub¬ 
jects. Subsequent testing indicated that age of the 
house was not an effect modifier of the relationship 
between wood-stove use and otitis, but instead was an 


independent predictor. Two covariates were signifi¬ 
cantly related to otitis: being older (age 4 +) and 
having experienced breathing problems at birth. 



DISCUSSION 

..iings from this study confirm the previously 

t _ed association between childhood asthma and 

_!cposure to pets and maternal smoking. 1314 Study 
results suggest an association between the use of 
woodbuming stoves and otitis media. This finding is 
consistent with Black’s 15 report of increased middle 
ear effusion in subjects exposed to open fires and 
paraffin stoves. We were unable to confirm the asso¬ 
ciation between smoking and otitis as shown bv 
Kramer, et al., 9 Iverson, et af, 10 Richardson, 12 and 
inton and Buckley. 16 One explanation is that our 
\iy dealt with acute episodes of otitis media and the 
ier studies addressed persistent middle ear effu- 


Honicky, et at. reported that moderate and severe 
symptoms in all categories of respiratory illnesses 
were more prevalent in subjects exposed to woodbum¬ 
ing stoves relative to unexposed controls. 17 - 10 In these 
papers the question of otitis media was not specify 
cally addressed. One possible reason wood stoves 
were more prevalent among the otitis group and not 
the asthmatics was that families with asthmatic chil¬ 
dren were counseled: by the pediatric group to avoid 
using woodbuming heat. Families of children with 
recurrent otitis had not received this same caution. 


Most of the pollutant sources assessed in this 
study were not associated with disease. Neither for¬ 
maldehyde exposure, renovations (a surrogate mea¬ 
sure for dust exposure), or gas cooking (a surrogate 
measure for N0 2 exposure) were significant predic¬ 
tors of disease in this study. Each of these factors has 
been previously implicated as a potential source of 
indoor pollution, but their ability to potentiate disease 
has been reported:as variable. 6 * 7 Few subjects in this 
study were exposed to foam insulation or kerosene 
heat, w’hich made it difficult to assess these pollutant 
sources on disease risk. The small numbers of these 
exposure groups may reflect the fact that people are 
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TABLE IV. 

Results of Stepwise Logistic Regression Analysis: OtMis Media Cases Versus Controls. _ 

_P_SE _ P_ _ OR_ 95% Cl 


Govanates (Forced) 


Age GP A (age 4 + ) 

1.0090 

.2889 

.001 

2.74 

<1 56, 4 83) 

Sex (male) 

4440 

.2505 

.076 

1.56 

(P 95, 2 55) 

Premature 

.4293 

.4234 

.311 

1.54 

(Q 67. 332) 

Breathing problem 

.9632 

4812 

.045 

2.62 

(1.02, 6:72) 

Family history 

- .0208 

.2776 

.940 

0.98 

(0.57. 1.69) 

Exposures Entered Stepwise 
Woodburning Stove 

.5471 

.2617 

.037 

1.73 

<1.03. 2.89) 

P - logistic regression coefficient; SE - 

standard error of p; P 

- probability value; OR 

■ odds ratio; 95% Cl 

« 95% confidence interval. 


aware of the hazards of these two entities and their 
use is diminishing. The use of humidifiers in the 
asthmatic group is consistent with physician advice to 
this group and probably not a predictor of disease. 

Two indirect measures of “air tightness” were 
assessed in this study: age of the house and presence 
of new siding. At best, these measures represent a 
calculated guess as to “air tightness” under the sup¬ 
position that new housing and/or siding reflects better 
insulation and reduced airflow. Study findings re¬ 
vealed a greater likelihood of living in a new home 
(under 10 years old) among both case groups relative 
to controls, but this was not statistically significant 

A limitation of this study was that exposure to 
indoor air pollutants in the home was assessed only 
indirectly through the use of a questionnaire. It is 
possible that among both cases and controls, some 
subjects were misclassified with regard to their “true” 
exposure status. Future studies should attempt to 
directly measure emissions to more accurately evalu¬ 
ate the impact of exposure on respiratory outcomes. 

Another possible limitation were the criteria 
used to define case status. It is possible that the 
requirement of recurrent disease to identify eligible 
cases selected out a unique group of children with 
unusual susceptibility. Perhaps the effect of indoor 
pollutants would be more evident in those with only a 
single disease occurrence. Similarly, the control sub¬ 
jects in this study may have been unique in that they 
did not have a single occurrence of an acute respirato¬ 
ry illness during the time period studied. 

In conclusion, we are at the point in our investiga¬ 
tion to define, more accurately measure, and trace 
concentrations of indoor air contaminants, the mea¬ 
sured effect that “air tightness" has on them, and 
their adverse effects on the respiratory health of 
children. It is important to know firsthand if mea¬ 
sures used to conserve heat have led to increased 
levels of pollutants in the home, and subsequently 
diminished respiratory health among occupants. If 
so, then better means necessary to increase ventila¬ 
tion, circulation, smd purification of air in households 
must be devised and installed to reduce the risk of 
such pollutant-induced disease. In particular, the sig¬ 


nificant relationship between otitis media and use of 
woodbuming stoves is intriguing and warrants fur¬ 
ther investigation. 
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